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[57] ABSTRACT 

A method and apparatus for removing low frequency noise 
and any offsets common to a plurality of samples of a signal, 
for calibrating an offset level to be added to the signal to 
reference the signal to a desired reference level at an output 
of the apparatus, and for damping an input voltage level to 
the apparatus to a desired voltage within an operating range 
of the apparatus. The q>paratus includes a correlated double- 
sampling circuit whidi takes a first sample and a second 
sample of the analog signal, takes a difference between the 
first san^ile and the second sample to remove low frequency 
noise and any offsets common to both samples and which 
ou^uts a difference signal. In addition, the apparatus 
includes a black level correction drcuit which adds an offset 
level to the difference signal to calibrate the offset level to 
be added to the difference signal so that the difference signal 
is at a desired reference level at an output of the apparatus. 
F^irther, the apparatus includes a clanqiing circuit which 
clamps a voltage at the output of the correlated double- 
sampling droill to a desired voltage level at the input to the 
cofTclated double-sampling circuit and within the supply 
range and operating range of the q>paratus. 

22 Clahos, 14 Drawing Sheets 




03/10/2004, EAST Version: 1.4.1 



U.S. Patent 



Apr. 7, 1998 Sheet 1 of 14 



5,736,886 




03/10/2004, EAST Version: 1.4.1 



U.S. Patent Apr. 7, 1998 sheet 2 of 14 



5,736,886 



FROM 
CCD 




OUT 



Fig. 2a 

(PRIOR ART) 



50 



if 



01 — ' 



02- 



52 



SAMPLES TAKEN 
ON FALLING EDGE 



OUTPUT VALID. 
PIXEL PERIOD 



V 

Fig. 2b 

(PRIOR ART) 



03/10/2004, EAST Version: 1.4.1 



U.S. Patent 



Apr. 7, 1998 Sheet 3 of 14 



5,736,886 



CCD 
22 



\J ^186 



24-*- 



^188 



I 



FEEDBACK 



In 



]S/H I — 
Q1 Q2 



Q2 



Q2 (ihf- 
■JsThI — I — J 28 



FEEDBACK 



180 



184 



Fig. 3 

(PRIOR ART) 



TO PGA 



03/10/2004, EAST Version: 1.4.1 



U.S. Patent Apr. 7, 1998 



Sheet 4 of 14 



5,736,886 




03/10/2004, EAST Version: 1.4.1 




76 7Q 



Q1 



Q2 



UTPUT VALID. 



PIXEL PERIOD 



Fig. 5b 



03/10/2004, EAST Version: 1.4.1 



U.S. Patent 



Apr. 7, 1998 



Sheet 6 of 14 



5,736,886 



FROM, 
CCD 



11 




OUT 



Q2B 



Fig. 6 



03/10/2004, EAST Version: 1.4.1 



U.S. Patent 



Apr. 7, 15)98 Sheet 7 of 14 



5,736,886 



Q1A 



Q2A 



,104 



J L 



J 06 



A OUTPUT VALID 



r -1 

I t 
I I 
I I 



Q1B 



Q2B 



» — J 
I I 
t ! 
J L 



^108 



J L 



I — 1 
I I 
I i 
_1__L 



^110 



B OUTPUT VALID 
PIXEL PERIOD 



I — I 
I I 
I I 
I » 



Fig. 7 



03/10/2004, EAST Version: 1.4.1 



U.S. Patent 



Apr. 7, 1998 



Sheet 8 of 14 



5,736,886 




Fig. 8a 



Q1A 



Q2A 



Q1B 



Q2B 




Q1A*Q2A T 

Q1B*Q2B 



OUTPUT VALID FOR 
WHOLE PERIOD 



-I 1^ 



Fig. 8b 



03/10/2004, EAST Version: 1.4.1 



U.S. Patent 



Apr. 7, 1998 Sheet 9 of 14 



190 (pp 



210 



VSS 




(DP ILJL^ 

<DD JU1_ 

OS _rLn 

Fig, 9b 



03/10/2004, EAST Version: 1.4.1 



U.S. Patent 



Apr. 7, 1998 



Sheet 10 of 14 




I:!: 



LL 
HI 

q: 
6 

LU 



CO 



'to 

00 




03/10/2004, EAST Version: 1,4. 



U.S. Patent Apr. 7, 1998 sheet 11 of 14 5,736,886 




ZZ! 

Fig. 11 




77" 



Fig. 12 



03/10/2004, EAST Version: 1.4.1 



U.S. Patent Apr. 7, 1998 sheet 12 of 14 5,736,886 



206 




Fig. 14 



03/10/2004, EAST Version: 1,4.1 



U.S. Patent Apr. 7, 1998 



Sheet 13 of 14 



5,736,886 




03/10/2004, EAST Version: 1.4.1 



U.S. Patent Apr. 7, 1998 sheet 14 of 14 5,736,886 




03/10/2004, EAST Version: 1.4.1 



5,736,886 

1 2 

INPUT CLAMPING METHOD AND second sample-acd^iold circuit 46 and third sample-and- 

AFPARATUS WITH A CORRELATED hold circuit 48. Rcfeoing to tbc timing diagram of FIG. 2b, 

DOUBLE-SAMPLING CIRCUIT sample^d-hold circuit is responsive to dock signal 

Ql so that on a falling edge 50 of the clock signal Ql. the 

BACKGROUND OF THE INVENTION 5 first sample Is taken of the analog signal at tiie reset IcvcJ on 

1 ts-i^ f #K T • 24. In the camcorder system of FIG. L tfic correlated 

1. Held ot the mvcntion ^^^^ sampling circuit takes advantage of a known condi- 
The present invention relates to a method and apparatus tion of the CCD circuit 22. In particular, the CCD circuit is 

for damping an input voltage level to an apparatus to a always reset before a new pixd is measured. The CDS 

desired voltage. In particular, the invention relates to input drcuil of FIG. la takes advantage of this existing condition 

clan^)ing circuit diat can be used with a camcorder system ^ by san^)ling the signal at the ou^ut line 24 of the CCD 

to cah^brate black pixels output by the charge coupled circuit during this icsct phase, before the new pixd infor- 

device. mation appears. Thus, in response to Oie falling edge 50 of 

2. Description of the Related Art ^« clock signal Ql, the first sample of die signal on line 24 
xTTn t nit..»^.r» o Ai^<^^^ ^ « fr^^r '>A ^€ o repTcscnts the reset level of the signal from the CCD circuit 
ITO. imuslra^csahlo^diagrjmofato^^ 15 ^On a fidling edge 52 of doc&al Q2, the first sample 

CCTUnt^acecira^ iTdoLd into toVLcond s^^^^^ 

camcorder system. The front end mdudes a dxaige covpM the same time, the third siMle-and-hold circuit 48 takes the 

dcvice(C(p)scnsor22whididdcrtsand«^^ ^^^^ 1^ ^ ^^^^ having the new pixd 

signal on hnc 24, to be processed by the camcorder. The information on Une 24. The second sample is a data levd 

analog signal on line 24 is fed to a condated double ^ sanq)le of an intensity of tiie new pixd informadon signal 

sampling circuit 26 which takes a first sample anda second output by the CCD circuit 22. The first sample and Ae 

sample of the analog signal, which takes a diffcreoce second sample are output to difference dement 54 which 

between the first and second samples to remove low fre- petfonns a difference operation on the first and second 

quency ndse and any offsets common to both sanq>les of the sasqtles and provides the difference signal on line 28 free of 

signal, and which outputs a difference signal on line 28. The any noise or offset that is c<Himion to both sauries, 

difference signal on tine 28 is amplified by an^llficr 30 and . However, one problem with the circuit of FIQ, 2a is that 

an an:q>lified signal is ou^t on line 32 to a black levd a time period for which the filtered signal on line 28 is valid 

correction drcuit 34. The black levd conecdon circuit 34 is not a complete period of the pixd infcnnation signal on 

adds an offset level to (he amplified signal on line 32 so as line 24. Accenting to ^ds disclosure it is to be understood 

to calibrate the amplified signal to a desired reference levd. 30 that a pixel pcdod is defined as a time period between falling 

In particular, die offset levd is calibrated to substantially one edge transitions of the dock signal Q2. and indudes times 

end of an input range of analog-to-digital converter 38 when for which the analog signal at the reset level and the analog 

the diarge coupled device 22 ou^Hits a signal on line 24 signal at the data levd are {oesent on line 24. For the circuit 

corresponding to black pixels. The black pixds are inten- of FIG. 2a, as the dock signal Q2 transitions to the high 

tionally added around a pertphciry of the CCD for the 35 state, the sanmle and hdd-ctrcuit 48 is in acquisition mode 

purpose of calibrating the offset leveL In addition, when the and die output of the circuit on line 28 is no longer valid, 

analog signal output on line 24 corresponds to pixels of an Thus, die period for which the difference signal on line 28 

image detected by the CCD, the black levd conection is valid is not a full pixd period. For example, if the clock 

circuit adds the calibrated offset vdue to the amplified signal signal and Qj have a 50% duty cycle of d)e pixel period, 

on line 32 conesponding to the pixd image. Thus, the ^ the period for which the difference signal is valid is only haff 

coudated double sampling drcuit 26 and die Uack levd of the pixel period. 

coiTection circuit 34 together filter out low frequency noise Iq addition, another |ax>blem with the circuit of FIG. 2a is 
from the andog signal ou^ut by the CCD and add the that die sample-and-hold drcuit 46 is driven by the sample- 
calibrated offset value to the difference signaL A resulting and-hdd circuit 44. Consequently capadtors of the sample- 
signal is output on line 36 to die analog-to-digitai converter 45 and-hdd drcuit 46 must ddicr be relativdy small whidi 
38, and is converted into a digital value output on line 40. results in a noisy signal output by the drcuit 26, or if die 
The digitd vdue is then processed by digitd signd proces- capacitors are rdativdy large, the sample-and-hold-circuit 
sor 42. 44 must supply enough power to drive the capacitors which 

FIGS. 2a and 2h show a block diagram and a timing in turn has to be dissipated in die drcuit of FIG. 2a. 

diagram, respectivdy of an embodiment of the ccarelated 50 FIG. 3 illustrates the conelated double sampling circuit 

double sampling drcuit 26 of FIG. 1. As discussed above, 26 of HO. 7a together widi two feedback circuits to fi^m an 

the correlated double sampling drcuit is used to remove low input dancing drcuit 180. Hie operation of the correlated 

frequency noise and offsets firom an analog signal. In double sampling drcuit 26 is as discussed above with 

particular, it is used at die output of the CCD device 22 respect to FIG. 2a. The iq>ut clamping circuit indudes 

because it can remove several kinds of ndse, eg., reset noise 55 feedback circuits 182 and 184 which are ^vided to levd 

from CCDs which result because the CCD doesn't dways shift a voltage of the signal on line 24 to widun a supply 

reset to exactly the same value and flicker (Uf) noise of the range and (^>erating range of the drcuit 180. For example, 

CCD. A basic prindple of the circuit is that the first and a vdtage on die line 24 maybe 10 volts, but the circuit 180 

second san^}les are taken of the analog signal ou^t from a may (^>erate off of a 5 volt supfdy. Therefore, there is a need 

single channd of the CCD device, a first sait^le is taken so to clamp the voltage at die input to the oorrdated double 

with the analog signal at the reset level and a second signal san^iling circuit 26 to within an operating range the 

is taken with the pixel data levd signal induded in the cOTrelatcd double sampling circuit The feedback circuits 

analog signal. A difference between the two samples Is then 182 and 184 damp the Input voltage on lines 186 and 188 

taken so that any noise or offset commoo to both samites b to the desired voltage sdected to be within the operating 

removed from the difference of the two samples. ^5 r&nge of die circuit 180. 

More specifically, the corrdated double sampling circuit FIG. 4 illustrates a tilock diagram of an embodiment of 

26 of FIG. 2a indudes a first sample-and-hold drcuit 44, a the black level correction drcuit 34 of FIG. 1. As described 
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above, the signal ou^ by the CCD drcuit 22 on line 24 is dividing network having a first input texminal coupled to a 

processed by the coirelated double san^liog dicuit 26 and fiist ou^ of the diflfcrentifll ouqwt a second input tcnninal 

the icsultinB difference signal on line 28 is passed to die coupled to a second output of the differential output, and an 

programmable amplifier 3#. An offset value on line 56 is output tcnninal. Hic dividing network takes an average of 

ffi to the amp^cd signal on line 32 ai summing Wock 3 the differential signd at the dtfaential ou^ of the conr^ 

58 The resulti^slgnal^ut from the summing block on lated double sampling circuit and provides the average to 

line 36 is thcnd^^by the analog to digital converter 38. output tcnninal. Farther, the input damping arcuit includes 

One purpose of the black level correction drcuit is to a differential ampMcr having a fii^t input coupled to the 

calibrate Ac vahic of the offset signal on line 56 so as to output terminal of the dividmg network, a second mput 

reference the resulting signal on line 36 substantially to one lO tcnninal coupled to a bias voltage, and an output coupled to 

end of tiic input range oftiic analog-t<vdigital converter. For the input of the correlated double^samphng circuit 

example, tiic anqilified signal on Unc 32 may be in a range With this arrangement, the input clan^)ing circuit docs not 

from 0 to 1 vdt and the offset level on line 56 may be added interfae with a blade Icvd correction drcuit feedback path 

to adjust the resulting signal range from -0.5 volts to 40.5 which is part of the corrdated douWe-sanq)ling drcuit In 

volts. The black iHxds are intentionally provided around the 15 addition, the iopnt clamping drcuit can be implemented 

periphery of the CCD drcuit 22 for this particular purpose. with a single differential amplifier. 

More specifically, when the signal on line 24 corresponding According to another aspect of the present Invention, an 

to the black pixds is input to the black level correction integrated drcuit includes a first correlated double sanq)ling 

drcuit 34, die switch 62 is biased to a dosed position to circuit in paralld wifli a second correlated double sample 

provide a dosed feedback loop induding summing block 64 20 circuit The first corrdated double sa mpl ing drcuit takes a 

and integrator 66. so that the signal on line 36 is fed back to first saiiq>le of a signal at an input and a second sample for 

die summing block 58 as the offset value on line 56. The the signal at the input and performs a difference between die 

feedback loop induding the integrator 66 and the summing first sample and ttic second sample to provide a first filtered 

block 64, compares the signal on line 36 to a negative signal at a first output The second corrdated double sam- 

rcfcrencc value on line 68 and clamps the <^set level on line 23 pling circuit takes a third sample of the signal at the input 

56 to the correct level to reference die signal on line 36 to and a fourth sample of the signal at the input and pcrfams 

the negative reference value on line 6a In addition, when the a difference <5>€xation between the third sample and die 

analog signal on line 24 corresponds to tht data levd of die fourdi sample to provide a second filtered signal at a second 

intensity of die new pixd information signal, die switch 62 output The integrated drcuit also indudes a first summing 

is biased to an open position so ttiat the integrator holds die 30 circuit and a second summing circuit The first summing 

caUtratcd offset levd and die cali1>rated <^set levd value is circuit has a first input coupled to the first output and a 

added to die aii^)lified signal on line 32 corresponding to die second iiq|>ut coupled to a first reference value, and sums die 

intensity of die new pixel information signal first filtered signal and the first reference value and provides 

However, one problem with die black levd oonection at an output a first summed signal The second summing 

circuit of Had is that the programmable ai!g)lifier 30 may 35 circuit has a first input coupled to die second ou^t and a 

saturate under high gain conditions where the filtered signal second iiqmt coupled to a second reference value, sums die 

on line 28 has only modest errors, or when die program- second filtered signal wifli die second reference vsdue and 

mable sain amplifier 30 has modest input referred offsets. provides at an output a second summed signal The intc- 

For ex^le, if the camcorder system of FIG. 1 is operated grated drcuit furdicr comprises a swit Amg drcuit haying a 

on a 3 volt supply, if die analog-tondigital converter 38 has first input coi^lcd to die ou^t of die first summmg circuU 

a ^-0,5 voK signal dynamic range at its input, and if die and a second input oouided to die output of die second 

programmable mmlificr has a gain of 5«, an offset value of summing drcuit, die swltdung drcmt altcraatdy provides 

lOmimvolts wiUbeaii^McdbytheprogramiDableaiiq^- one of die first summed signal and die second summed 

fter30andtiieamplificdsignalonline32willbeat03 volts. signal as a selected signal at an ou^Hit of die switc^g 

dius saturating the inpax range of the anal<^-to^tal « circuit StiU fimher, die integrated drcuit indudes a first 

converter. In addition, anodier problem widi die drcuit of programmable aii5>liflcr having an input coupled to die 

HG 4 is mat die programmable ampliflcr 30 has a limited output of die switching circuit that anq^es die sdected 

linear operating range. In particular, die drout of HG. 4 is signal and provides an amplified signal at an output of die 

a differential system having a zero point whidi does not first programmable amplifier. In addition, die mtegrated 

diange widi gain of die programmable amplifier, and whidi » drcuit indudes a second switching circuU have an mput 

is at mid-scale erf die amplifier's linear operating range. coupled to die output of die first i^ograimnable amplifier, 

Accordingly, only half of die amplifier's linear operating that altcmatdy provides die an^ilified signal to one of a first 

ranice is ^ed. output and a second ouQwt as a sdected signal Still further. 

Accordingly, it is an object of the present invention to toe integrated drxntit ind^ 

improve^n die corrdated double sampling drcuit, die « fourdi summing arcuit Tlie durd sun^ 

Elevd«>rrection drcuit and die ii^Tdamping drcutt ^\ co^^ to tte flrrt ou^t of die secood switdung 

of the rdated art drcuit and a second mput coupled to a reference signal, it 

or mc raoK» selected sifijial wldi the reference signal and 

SUMMARY OFTHE INVENTION provides a diird sumn^ signal at an output of the diird 

According to still anodier aspect of the present invention, «o suiimiing drcuit The fourth sununing drcuit has a first input 

an iopat cUnq>ing drcuit is disposed between a differential coupled to die second ouQwt of die second switching drcuit 

output of a coardated double-sampHng circuit and an input and a second input coupled to die reference signal, it sums 

of die correlated double-sampling drcuit and clamps a the sdected signal widi die reference signal and provides a 

common mode of a differential signal at die differential fourth summed sipal at an output The Integr^ circuit 

output tif the corrdated double-sanq)ling circuit to a desired 65 further conqniscs a first integration circuit and a second 

voltage value at the iiq)ut of the correlated double-sampling integration circuit The first integration circuit has an input 

drcuit The coirelated double-saitpling circuit indudes a coiq)led to the output of the third summing drcuit and 
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integrates the third summed signal to provide at an output sanqde-and-bold circuit 72 in parallel with a second san^le- 

the first offset leveL The second Integration circuit has an and-hold circuit 74. The first samplc-and-hold circuit 72 is 

input coupled lo the output of the fourth summing circuit and responsive to the clock signal Ql and the second san^le- 

integrates the fourth sununed sigoal to provide the second and-hold circuit 74 is responsive to the dock signal Q2. Hie 

oflFset level. s first san^e-and^iold circuit 72 $an4>le5 die analog signal oo 

line 24 at the falling edge 76 of the clock signal Ql, 

BRIEF DESCRIPTION OF THE DRAWINGS cOTcsp<Miding to the reset level of the signal ou^ut by the 

Other objects and features of the present invention will S™. ^: ^J^^^;>^^ ^ s^^le-and-hoW 

become appo^ fiom the following detailed description f^*^^ 74 samples the anal^ signal on line 24 conrspond- 

whentake?S[^ection with the foUowing^^^ Ingto the d^levdof ^epixdsip^ 

to be understood that the drawings arc to the pur^se of ^?f^^ ""^1^*^"*?"^^ a^^ '^'^.T^J^^' ^ 

•II 1 J -* • * ^ J ^« difference of the sanmles is then determined at the difference 

illustration only and are not intended as a denmtion of the , . ^ 

. - ^. , ' ^. element W. 

limits of the mvcntion. wv. 

Tlie foregoing and ot^ vaS tiT^^od to th^^ 

morefiUly appreciatedftomthefollowmgdmwmgmwhieh: „lat^ely stat In partiailar, the difference signal on Iine82 

FIG. 1 illustrates a block diagram of a CCD interface as valid &om the falling edge 78 of the clock signal Q2 to a 

is known In die related art; rising 79 ^ qi 

FIGS. 2a and 2b show a block diagram and a timing sanqple-and-hold circuit 72 is again in acquisition mode for 

diagram, respectively of an embodiment of a correlated 20 a next san^e of the reset level of the analog signal on line 

double sampling circuit of dte camcorder system of FIG. 1; 24. Since the first sample ccoesponding to the reset level 

FIG. 3 is a block diagram of an ii^t dairiping circuit of and the second sanqile corresponding to die data level of the 

die CCD Intcr&ce of FIG. 1; analog signal ou^ut firom the CCD circuit 22 are typically 

no. 4 is a Hock dUgram of an embodiment of a Wack « ^^If dodc cycle apart the period for which the difference 

level correction circuit of the camcorder system of FIG. 1; " on line 82 is valid is: 

FIGS. 5a and 56 arc a block diagram and a timing 'iVttiidKQ^»>-itaDq (i) 

diagram, respectively of an embodiment of a sampling cell pjQ 5 is a block diagram of an embodiment of die 

of a conelated double san^ling circuit aoccxding to an coirelated double san^Ung circuit according to die present 

embodiment of die present invention; 30 invention. The circuit of FIG. 6 includes two sampling ceUs 

FIG. 6 is a block diagram of an embodiment of a 84 and 86 disposed in a ping-pong configuration, in parallel 

coirelated double saiiq)ling circuit according to the present between the ii^ut line 24 and a single-pole, double-throw 

invention: switch 88. In particular, an output line 9# of the first 

FIG. 7 is a timing diagram of the cooclated doubling sany>ling cell 84 is coupled to a first throw 92 of the 

san^ling circuit of FIG. 6; 35 single-pole, doable-throw switch, and an output line 93 of 

FIGS. 8a and 8fr illustrate an alternative embodiment and second sampling cell 86 is coupled to a dirow 94 of die 

a timing diagram, respectively of die coiTclatcd double single-pole, double-tinrow switch. 

san^ling circuit according to die present invention; Rcfcning to die timing diagram of FIG. 7, an advantage 

FIGS. 9a and 9b are a schematic diagram and a timing f If ^ ^ ^V'*"'??^T'*^i?J^'1 

diagnmi,respectivelyofthesamplingcTofnG.6,accord. ^ for whi<^ die dilf crences 

-e^~^ t f e mei penod. In particular, the single-pole, double-throw 

ing to me present mvcnnon; swi^ 88 switdies i«wccn flic <liffaea« sUaud on line 90 

FKj. 10 is a Wock diagram of an embodiment of a black ^j^^^^ |j ^ je^st a first half of die period of the pixel 

level concction circuit according to die present invention; infonnation signal on line 24, and dK difference signal on 

FIG. 11 is a Uock diagram of an alternative embodiment 45 line 93 which is valid for at least a second half of the pixel 

of die black level correction circuit, according to the present period of the pixel inf cnnation signal on line 24. More 

invention; specifically, a first san^le-and-hold circuit 96 of sampling 

FIG. 12 is a block diagram of anodier alternative embodi- cxll 84 samples die reset level of the analog signal on line 24 

men! of the black level correction circuit, aocoiding to the at the falling edge 104 of signal QIA, and second san^le- 

presenl invention; and 30 and-hdd circuit 98 samples die signal on line 24 at a falling 

FIG. 13 is a blodc dia^am of an iiqiut dandling circuit 106 of dock signal Q2A. The difference signal of die 

according to an embodiment of die present invention; samples is taken by difference element 97 and output on 

no. 14 is a schematic diagram of an embodiment of die f^*' ^ '\ ''^^ ^^i* ^Vf 

input clamping circuit of Fia 13, according to an embodi- ^^^^^ of the analog signal on Une 24 while 

mcnt of theinvention; ««°Pl^« "^^^ .^T" ^^^^^ J>^^"^?«^ ^ 

During the acquisition mode of the second fiampimg cell 86, 

FIG. 15 is a block diagram of an charge coupled device ^ sanmle-and-hold circuit 100 sanmles die reset level of 

interface according to an embodiment of die present Invcn- j^e analog signal on line 24 at falling edge 108 of dock 

^c>n; signal QIB, and second sanmle-and-hold ctrcuit 102 

FIG. 16 is a block diagram of an alternative embodiment 60 samples the level of the analog signal on lin e 24 at 

of the CCD interface, according to the present invention. falling edge 110 of dock signal Q2B. The difference signal 

of the two samples is taken by difference element 101 and 
ou^t on line 93. The difference signal on line 93 is also 
valid for at least half of the pixel period of the analog signal 

RG. 5 is a block diagram of an embodiment of a sampling 65 on line 24. Since die respective outputs 90 and 93 of each of 

cell 70 of a coirciated double-sampling circuit accarding to the saiiq}ling ocQs 84 and 86 is vaHd for at least half of die 

the present invention. The sampling cell 70 indudes a first . pixel period of the pixel signal, the output of the filtered 
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signal CD line 112 is valid for the at least the pixel period of the switches 1^ and 194 are opened prior to the switches 

the agnal at line 24. 190 and 196 to reference the seoood terminals of the 

FIG. 8a illustrates an alternative embodiment of the capadtors 126 and 128 to ground fffior to die opening of the 
cozrdated double samfding drcuit 71\ In the circuit of FIG. switches 190 and 196. The differential signal on lines 130 
So; the difference operation and the switching operation are 5 and 132 cGciesponds to the output signals chi lines 73 and 75 
leveised. In particular, the circuit of FIG. 8a includes two of the sample-and-hold dicuits 72 and 74 of the sampling 
sanq>lixig cells 84 and 86 diq>o$cd in the ping-pong structure cell 70 of FIG. So. In an examjtoy embodiment of the 
between the signal line 24 and the signal line 112. In contrast inventioo, the difference element 86 of FIG. 5a is accom- 
to FIG. 6. die circuit of FIG. 8a includes two single-pole, plished with the progranunahle amplifier 30 of the black 
doul>le-throw switches 114 and 116 disposed at cancspond- lo level conccdon ctrcuit (sec FIG. 4), ^siicrein the program- 
ing ou^uts of the sampling cells 84 and 86. A first pole 111 mable an^lifier 30 rejects any common-mode between the 
of single-pole, double-throw switch 114 is coupled to an signals on lines 130 and 132. However, it is to be appreciated 
ou^t 113 of sampie-and-hold dicuit 96 and a second pole that any differential transconductance which rejects a comr 
115 of single-pole, double-throw switch 114 is coupled to an mon mode of a differentiai inpat signal can be used and is 
ou^t 117 of saiiq>le-and-hQld circuit 98. In addition a first is intended. Thus, the sampling cell 70 of FIG. Sa can be 
pole 119 of single-pole, double-throw switch 116 is coupled implemented with a mlninium of two FET devices 122 and 
to an ou^ut 121 of san^le-and-hdd drcuit lOf, and a 124, and two capacitors 126 and 128. It is also to be 
second pole 123 of single-pole, double-throw switdi 116 is a^^edatcd that die sampling cell of FIG. 9a can be imple- 
couplcd to an output 125 of sample-and-hotd drcuit lOX mented in semiconductor technology, for example CMOS 
Poles 118 and 120 <rf single-pole, double-throw switches 114 20 technology, wherdn switches 190, 192. 19 4. 19 6, 198, 200, 
and 116 arc coupled to differencing circuit 127. 202 and 204 can also be inylemcnted using FET devices and 

As was discussed above with respect to FIG. 7, the that such im^ementation is intended. One advantage of the 

sanq)lc-and-hold drcuit 96 of the san^ling cell 84 samples circuit of FIG. 9fl is that no internal driving circuitry need be 

the reset level of the analog signal on line 24 at the falling used to drive aQ>acitars 126 and 128, and thus the capadtors 

edge 104 of the signal QIA. The san4>le-and-hoid drcuit 25 can be driven by an external source. An advantage is that the 

100 sauries the data level of the analog signal on line 24 at c^dtors 126 and 128 can be relatively large and dierefcare 

the falling edge 106 of the dock signal Q2A. In addition, the the signals on lines 130 and 132 will contain less noise, 

sample-and-hold drcuii 98 san^les the reset level of the Hie drcuit rfFIG. 9a also includes an input reference pin 

analog signal on line 24 at die falling edge 108 of dock 134 which can, for example, be connected to ground and 

signal QIB, and the sample-and-hold circuit 102 san^iles 30 which provides a reference Icvd for decoupling of the 

die data levd of the analog signal on Hoc 24 at the falling analog signal on line 24. In addition, the circuit of FIG. 9a 

edge 110 of dock signal Q2B. The single-pole, double- also provides a differential offset adjustment of the diffcr- 

throw switch 114 switdies between ou^ line 113 and ential signal on lines 130 and 132, For example, a voltage 

output line 117 of respective san^le-and4iold circuits 96 difference between signals on lines 136 and 138 will be 

and 98 according to the logical ASD of dock signals 35 added to the differential signal that is sampled from capaci- 

Q1B*Q2B and Q1A*Q2A. The single-pole, double-throw tors 126 and 128 and ou^t on lines 130 and 132. Thus, die 

switdi 116 switdies between outputs 121 and 125 of rcspcc- offset pins 136 and 138 can be used to compensate for 

tive san4>le-and^old circuits 100 and 102 according to the differential c^sets of the diffcrcotial signals on lines 130 and 

logical AND of dock signals Q1B*Q2B and Q1A*Q2A. A 132. In an exemplary embodiment of the present invention, 

difference of the signals on lines 129 and 131 is taken by 40 the offset pins 136 and 138 are coupled to a feedback loop 

difference dement 127 and ou^t on line 112 as tfic of Ac black levd correction drcuit, as will be described in 

difference signal ou^Mit from the coireUted double sampling more detail below. Still further, the circuit of FIG. 9a 

dicuiL A net result of the operation of die drcuit of FIG. 8a f^ovides a common mode adjustment c£ the differential 

is as described above with respect to FIG. 6. signal |aovided cm lines 130 and 132. The offset pins 136, 

One advantage of die basic san^lingcdl 70 of FIG. 5a is 45 138 and die input reference pin 134 can be used to adjust the 

that a circuit in^lementation of this san^iling cell is reila- common mode of the signals sampled on c^>adtCTS 126 and 

tivdy sin^jlc. For exan9)lc;, rcf ening to FIG. 9a; there is 128, In particular, if the signals on offset pins 136 and 138 

disclosed a schematic diagram of an embodiment of the are different than the voltage on the ii^Hit reference pin 134, 

sanqding cell 70 of FIG. 6. The drcuit is implemented witti the common mode of the signal on lines 130 and 132 will be 
a mmimum of two FHT devlccs 122 and 124 and two 50 different than die common mode of die analog signal on line 

capadtors 126 and 128. In particular, refoiing to die timing 24. Still further, the circuit of FIG. 9a indudes additional 

diagram of FIG. 96, die first sample of the resd levd cf die FFTs 206 and 208 whidi in an exemplary embodiment of die 

signal on line 24 is taken when die switches 190 and 192 arc invention can be added to respective FETs 122 and 124 to 

opened in response to the dock signal Op. As the switches provide corresponding unity gain buffers 210 and 212. In 
190 and 192 arc opened, the voltage on the capadtor 126 is 55 particular, FET 122 in combination with ttsi 206 fonns a 

sampled by the FET 122. Thereafter, the second sample source follower having a unity gain and FHT 124 in com- 

coiresponding to the pixd information of the signal on line bination with FHT 208 is also a source follower. Hie unity 

24 occurs when die switches 194 and 196 are opened. The gain buffers 210 and 212 can t>e used when, for example, die 

voltage on die c^dtcr 128 is then sanqiied by the FHT progranunable amplifier is drawing current and it is desired 
device 124. After obtaining die first sample and the second 60 to prevent discharge of the current from c^iadtors 126 and 

sample, switches 198, 200, 202 and 2(M are then dosed in 128. 

response to die dock signal OS and die first and second Anottier advantage of die sampling cdl drcuit of FIG. 9a 

saiiq>les ve ou^ on lines 130 and 132. Although the is diat the simplidty of die circuit lends itself to good 

timing diagram of FIG. 9b disdoscs the switches 190 and decoupling of the analog signal on the iiqput line 24. In 
192 responsive to die dock signal OP and the switches 194 65 addition, the sin^dty of the circuit allows fcr offset 

and 196 responsive to the clodc signal OD, it is to be ejection of die differential signal on lines 130 and 132 to 

appredated diat in a preferred embodiment of the invention, compensate for various system offsets, for exan:4>le, within 
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the camcorder system of FIG. 1. Further, the siinplicity of grator 66. The slope of the gain of the programmable 

the drcuit allows for common mode adjustn^nt of the amplifier 140 varies inversely with the slope of the gato of 

differeotial signal provided on lines 130 and 13X the programmaUe amplifier 30 thereby keeping the total 

FIG. 10 illustrates a block diagram of an embodiment of loop gain constant Thus, an advantage of the circuit of FIG. 

a black level correction circuit 77 according to the present 5 U is that the dynamics <3i the Wack level collection drcuit 

invention. As discussed above with respect to FIG. 4, the for example, stability, noise pcrfcxmancc and acquisition 

analog signal output by the CCD device 22 on line 24 is time arc indqiendent of the gain of the circuit AnoCher 

processed by the coselatcd double sampling circuit 71, and advantage of the circuit of FIG. 11 is that the added anq)lifier 

the diffcroicc signal on line 28 is output to the program- 140 in the feedback loop also reduces the requirements on 

mable amplifier 30. The difference signal is then anq>lified lo the integrator 66. In particular, when an appropriate c^set is 

by programmable gain amplifier 30 and ou^ut as an ampU- added at line 141 after the integrator 66 before the program- 

fied signal on line 36. An offset value on line 56 is added to mable amplifier 140, an output of the integrator 66 on line 

the amplified signal on line 36 by summing block 58. One 141 becomes zero and the offset required to maximize die 

problem with &e black level correction circuit of FIG. 4 is programmable amplifier's range is generated automatically 

that the programmable aii4)lifier 30 has a limited linear 15 by the feedback programmable amplifier 140 with only 

operating range. Accordingly, it is desirable to set the black minor corrections being fvovided by die integrator 66. Thus, 

pixel level reference level to one end of the total linear the drcuit <rf FIG. U is preferably used for an offset referred 

operating range of die programmable amplifier to make full to an ou^t of the programmable amplifier 66 because the 

use of the programmable anc^difier's limited linear range. integrator 30 docs not have to change states. Still another 

Thus, widi the Wack level correction dicdt of the present 20 advantage of the circuit of FIG. 11 is that the correct offset 

Invention (FIG. 10), die offset value is added to the differ- vahie to accomplish optimal use of the limited linear range 

ence signal on line 28 befcse the programmable amplifier 30. is generated by the integrator 66 independent of the pro- 

As discussed above, the offset level is calilniated so as to grammable amplifiers gain. 

damp the resulting signal on line 36 to one end of the input Refecting now to FIG. 12, there is disclosed still an 

dynamic range of the analog^o-digital converter 38. In 25 alternative embodiment 77" of the black level correclion 

particular, when black pixels arc ja-ovidcd by the CCD drcuit according to the present invention. In the drcuit of 

device 22 on line 24, the switch 62 is dosed to provide a FIG. 12, the added programmable aiiq)lificr 140 is disposed 

dosed feedback loop including summing block 64 and before the integrator 66 in the feedback loop. According to 

integrator 66, so that the signal on line 36 is fed back to the the configuration of the circuit of FIG. 12, the integrator 66 

summing block 58 as the offset value on line 56. The 30 is suited for a constant uo^ut referred offset to the progiam- 

feedback loop compares the signal on line 36 to the negative mable anq>lifier 30. Thus , the drcuit of FIG. 12 is prcferably 

reference value on line 68 and clamps the offset Icvd so that used for an input referred offset of the programmable 

the signal on line 36 is set to the negative reference value. amplifier 30. 

In addition, when the switdi 62 is opened in response to a FIG. 15 illustrates a block diagram of an input clanging 

pixel information signal present on line 24, integrator 66 35 drcuit according to an embodiment of the j^esent invention, 

holds the calibrated offset level value and adds it to the As was discussed above with respect to FIG. 3, the input 

oxresponding difference signal on line 28. clamping drcuit clamps a voltage ou^ by the CCD droiit 

The circuit of FIG. 10 has two advantages over the drcuit to a dc&irod vdtage value within die supply range and die 

of the related ait A first advantage is that the circuit of FIG. coating range of tht correlated doubling sampling circuit 

10 is (hat die black level correction drcuit can tolerate large 40 26. One problem widi the drcuit of FIG. 3 is that the 

cnots in die signal from the correlated double sampling feedback circuits 182 and 184 interfere with the feedback 

circuit of iiqnit referred offsets or die programmable gain circuits of the black level ccocction circuit 77. In particular, 

an^lifier, under high gain conditions, widiout saturating the one feedback loop can effect the other feedback loop such 

an^lifier and the analog-to-digital oonvoter. In addition, a that ndthcr feedback loop ever sctdes to die caacct point 

second advantage of the drcuit of HO. 10 is diat the limited 45 desired. Accotlingly, die common mode feedback drcuit 

linear range of the progratmnahle an^lificr 30 is optimally 206 of FIG. 13 is provided indq>endent of the feedback loop 

used. In particular, by setting the reference level of the of the black levd correction drcuit 77. More spedficaUy, the 

integrator to one end of the input dynamic range of the common mode feedback circuit 206 is a circuit which takes 

analog-to-digital convezter 38, the full linear range of the a common mode of the differential signal on lines 130 and 

programmable amplifier is used. In an exemplary embodi- SO 132 output from the correlated double sampling drcuit 26 

meni of the circuit of FIG. 10, the circuit is opastcd from and clamps the common mode back to the input of die 

a 3 volt supply, die programmable amplifier is s<^ to have a corrdated double sampling drcuit on line 24. Thus the input 

gain of 50, and the analog-to-digital converter has an ii^Mit clanq>ing circuit, which is the common mode feedback 

dynamic range of -0 J volts to 40.5 volts. Thcrefora, die drcuit 206 in this case, does not intczfae widi die black 

negadve reference levd 68 is sc^ to -0.5 volts to make fiill S3 levd oairection circuit 77. 

use of the input dynamic range of the analog-to-digital Referring now to FIG. 14, dicre is disclosed a schematic 

converter 38 and die Unear operating range of the amplifier diagram of an embodiment of the input daix^nng circuit of 

30. nG. 13, according to the present invention. As discussed 

One disadvantage of the drcuit of FIG. 10 is that the offset above, die difference signal output from the ccntlated 

carrecdon loop dynamics vary with gain of the program- 60 douUe sampling circuit 26 is ou^t on lines 130 and 132 as 

mable anq>lifier 30. For exanq)le, the offset levd required to a differential signal to the programmable gain an^lifier 30. 

reference die black levd to one end of the operating range The input clamping circuit 210, 216, 222 indudcs a resistive 

varies with gain of the amplifier. Accordingly, there is dividing circuit 210 induding resistors 212 and 214 that are 

disclosed in FIG. 11 an alternative embodiment of the black rcspectivdy coupled to Unes 130 and 132. In addition, the 

level correction drcuit 77 according to the present inven- 65 input dan^ung circuit includes switching dement 216 

tion. In the drcuit of FIG. U an additional programmable induding switches 218 and 220 which are both responsive 

amplifio- 140 is added to the feedback loop after the Inte- to a damp control signal 221. When the clan^ control signal 
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is higb. switches 218 and 220 are closed and ttte resistive shown in FIG. IS, ttic respective feedback loops may also 

divida 21» and switching dicuit 216 combine to take an include added programmable anqillfiers 154 and 156 which 

average of the differential signal on lines 13« and 132 and in the cxen^rfary embodiment of HG. 15 are disposed after 

topixwidethecommonmodeatline223.Thecommonmode integrators U» and 152. Ahernativcly *e projpammablc 

simal on line 223 is imut to a diffcrendal amplifier 222 and 5 an9)hfiers 154 and 156 can be disposed brfore the int^ 

is ojnvarcd to a bias voltage on line 225. In particular, the tors 15« and 152 as was discussed above with reqicct to HG. 

differential amplifier 222 forces die output of die amplifier , ,^ . . . . 

on line 227 which is fed back to die input of the correbted An advantage of die araut FIG. 15 is ttiat die blade 

dmible sampling circuit on line 24 to die bias voltage. Thus, iwei loop comets input oflfeets to the j^ognunmable ampU- 

theinputctampingdrcuitisusedtodampdicvoltageofdie lO fier 3« by sainpling the output of the programinable 

signal«iline24toadesiredvoltagewhichissetbythcbias fier M and adjustmg die input offset to die amphlier 30 

v5Mgeonllne225. appropriately. 

advantage of die input clamping circuit is diat the ^0. 16 illustxates an alternative embodiment of die 

hiput danmlng dicuit opaales indqiendentty of die Wade <*«ge «>"P»e «lcvloe interface according to die preseid 

levd conecdon drwiit 77 and dnis does not intafae widi is invendon. In particular, tiie input clampmg arcuit 20* 

die black level correcdon circuit 77. An additional advan- i'*'^ cocieqKHids to die oommon mode feedback arcujt 

taee of die input clamping circuit is diat only one differential 206 and die input claiiq»ing circuit 210, 216, 222) disoitwd 

amplifier ^need be used. In contrast, die input clamping '^ove with respect to FIGS. »-M has been added to die 

dicuit of HG. 3 requires a minimum of two diffaential CCD mtctfacc araut to ckmp die voltage as was disoissed 

amplifiers. StiU anodier advantage of die input damping 20 '^^^^l-'^'i^'^^Mtak^ana 

dreuit is that die bias voltage on line 225 can be sdected so differential signal on Imc 151, whidi is a multiplexed ou^ 

diat die common mode output on lines 130 and 132 is in die of ttie ping-pong cotrdated double sampling sttucture 84^ 

center of die programmable gain amplifiers limited linear ««, whidi concsponds to CDS 71 shown m HG. 6, and 

range. Thus, die bias value can be selected to make .^timal whidi covers an entire pel period, and da^s die avaagc 

iB^of die amplifiers limited linear operating range. 25 valuctoahiasvatoealdicmidt5.1ex^input24of cw^^ 

FIG. 15 iUustrates a Mode diagram of a diaige coupled douWe sanqiling stiuctoe 84 86. Odwwse. ibcojpa^oa 

device interface according to an embodiment of dKS present of die oraut ofFIG. 16 is die same « diat H?- »f. 

inventiwi. Tlie charge coupled device interface uses die ^ ««>« preferred embodiment of die circuit of FIG. 15. die 

coirdateddoublesamplingcir«iit71rfFIG.6anddiebladc circuit is invlementcd in a 0.6 micron DPDM process to 

level correction drcuit 77 of FIG. 10. However, since dieie 30 yield a diip die 33 by 3.4 mm* m size. In addition the chip 

are two CDS blocks 84 and 86 disposed in die ping-pong « configured to operate on a supply voltage from 3.0 to 33 

fashion in die corrclaled douUe sampling drcuit FIG. 6, volts and operates on a total power consumption of 190 

die bladt Icvd cooedion drcuit also has two offset coireo- mllliwatls. In additiwi. die dup operates at sample rate of 

tion loops operating in die ping-pong fashion, m particular, 18MSPS. However, it is to be api^eciatcd diat die cuxolt can 

sami^ d^^42 and 144 at die correspoflding outputs 35 ^ implemented m many ddfcrent processes on many dif- 

conelated double-sampling circuits 84 and 86, add a ferent media and such modification is mtended. 

respective offset levd on lines 158 and 160 to die difieicncc Having thus described one (several) parUcular 

simak on lines 162 and 164 before die programmable embodiment(s) of die inventton. vanous alterations, 

amplififf 30. A switdi 166 is disposed between die summing modifications, and hnprovements wiU readdy occur to fliose 

drcints 142, 144 and die programmable an)|)Ufler 30. A 40 skilled in die art Sndi alterations, modiflc«ions, and 

dirow 143 of die singlciiofc. double^fiirow switdi 166 is imi«ovemcnts are intended to be part of dus disdosure, and 

coupled to line 145 at die output of summing drcuit 142. A »e intended to be wifiun die spmt and scope of die mven- 

dirow 147 of die single-pofc, double^ow switdi 166 is «l«>n. According^, the foregoiAg description is by way of 

coupled to line 149 at die output of summing drcuft 141 «ample only and is limited only as defined m die followmg 

Hie pole 153 of die single>-polc, douUe-duDW switdi 166 is 45 equivalents dicreto. 

coupled to line 151 at die input «rf programmable gain What is daiiMd is: _ . 

anmlifler 30. Single-pole, double^dirow switch 166 is 1- An input dam^ arcurt disposed between a differ- 

switdied between summing elements 142 and 144 to cover ential output <rf a conelaled double-saiq^g oraut «id an 

an entire pixd period of die analog signal on line 24 ou^ input of die condatol d(»Ue-saii9ling areuit. diat dan^s 

ftom die CCD drcuit 22. as was discussed above widi so « voltage of a dgnal at die mput die corelated double 

respect to die switdi 88 of die drcuit rfFIG. 6. sampling drcmt to a desired value, die mput chnqimg 

In addition, the circuit of FIG. 15 indudes two respective "cuit con^msmg: 

Mack level cooecdon feedback loc^ indoding reflective a dividing networkhaving a first iqwt terminal coupled to 

summing elements 146. 148 and respective integrators 150, a first output of die differential output, a second input 

152 whldi feed back the signal on line 60, at an ou^t of 53 terminal coupled to a second ou^t of die differential 

safflple-and.4io]d circuit 161, to die respective summing ouqwt and an output terminal, diat lakes an average of 

dements 142, 144 so as to calibrate die offset vahie onlincs a differential signal at die differential output of die 

158, 160 to yield die signal on line 60 at the n^ative oHrdated doaWc-sampling circuit and diat provides 

reference value when die bLick level pixels arc output by die die average to die output tominal, and 

CCD circuit and when the switdi 62 is dosed. Alternatively, 60 a differential ampUflcr having a first input coupled to die 

when die switdi 62 is c^icned, the integrators ISO and 152 output tenniiul of die dividing network, a second input 

bold die calibrated offset levels vvliich are added to die terminal coqited to a bias voltage, and an ou^t 

signals on lines 162 and 164 concsponding to die intensity coi^led to the input of die ccorelaied doublc-sanqiling 

oftheiaxdlevdsignaloii^utby the CCD circuit 22. It is drcuit 

to be ^ifxcciatBd diat die feedback loops ocnesponding to 65 2. The iiqnit dampin g circuit of daim 1, wherein die 
the black levd correction circuits can also be modified as diffaential aiqilifier farces a signal at the output of die 
discussed above widi respect to FIG. 11. For exao^e. as is differential anqilificr to die bias voltage. 
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3. The input danqnng circuit <3i claim 1, wherein the bias 
voltage is selected so that a common mode of the signal at 
the output of the differential amplifier is a desired value 
within a supply and operating range of the correlated 
double-sampling circuit 5 

4. The input clamping circuit of claim 1, wherein the 
dividing network includes a first resistor having a first 
terminal coi^led to the first output of the differential output 
and a second termioal coiqiled to the ou^nit terminal of the 
dividing network, and a second resistor having a first ter- 
minal coupled to the second ou^ot of the differential output 
and a second terminal coiq>led to the output terminal of the 
dividing network. 

5. The input clamping circuit of claim 4, wherein the 
dividing network further con^xrises a first switch, responsive 
to a clock signal, having a first terminal coupled to the 
second terminal of the first resistor aiul having a second 
terminal coupled to the ou^ut terminal of the dividing 
network, and a second switch, respoasivc to die dock signal 
having a first terminal coupled to the second teiminal of the 
second resistor and a second terminal coupled to the output 20 
terminal of the dividing netwcH-k 

6. The input dancing circuit of claim 5, wherein each of 
the first switdi and &c second switch arc dosed when the 
dock signal is in a first state sudi Chat the dividing netwo^ 
provides the average of the differential signal at the differ- 25 
ential output of the correlated double-sampling circuit to the 
output terminal of the dividing network. 

7. A camcorder system, conqdsing: 

a charge coupled device (CCD) sensor that detects and 
ou^uts an analog signal at an output of the CCD 
sensor; 

a CCD interface circuity having an input coupled to the 
ou^t of the CCD senses, induding; 
a correlated douUe sampling circuit having an input 
coupled to the input of die CCD interface circuit, that 35 
removes any noise or offsets common to at least a 
first sample and a second sanqde of the analog signal 
and that ouQHits a differential difference signal at an 
ou^t of the correlated double sati9)ling circuit; 
a clanging circuit disposed between the output of the 40 
correlated double sampling circuit and the input at 
the correlated double sampling circuit, that damps 
an average value of die differential difference signal 
at the output of the corrdated double sanqi^g 
drcuil Co a selected voltage value that is fed back to 45 
the input of the correlated double sanqding circuit; 
a black Icvd correction drcuit having a first input 
coupled to the output of the oondated double san^ 
pling circuit and a second ixput coupled to an offset 
Icvd signal, that adds a calibrated value of the offset 50 
levd signal to the differential dlffierence signal and 
that ou^uts a resulting signd at an output of die 
black levd correction circuit; and 
an analog-to-digital converter having an input coupled to 
the output of the black levd correction circuit, that 55 
converts the resulting signal to a digital signal and that 
outputs the digital signal at an output of the analog-to- 
digital oonvcrta. 

8. The camcorder system of daim 7, wherein the dan^ 
ing drcuit canqniscs: 60 

a dividing network having a first input terminal coupled to 
the output of the conelated double san^iling drcuit and 
a second input terminal coupled to the output ci die 
ccHTdated double san^ling circuit that takes die aver- 
age vahic of the differential difference signal at the 65 
output of the conelated double-sampling drcuit and 
that provides the average to an output terminal; and 
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a differential amplifier having a first input cot^led to the 
ou^ut terminal of the dividing networiL a second input 
terminal coupled to a bias voltage, and an output 
coq>led to the Input of the correlated double sampling 
circuit 

9. The camcorder system of daim 8, wherdn the differ- 
ential anq>lificr forces a signal at the ou^ut of the differen- 
tial an^lifier to the bias voltage. 

10. The camcorder system of daim 8, wherein the bias 
voltage is sdected so that a common mode of the signal at 
the output of the differential amplifier is a desired value 
within a supply and operating range of the correlated 
double-sampling circuit 

IL The camcorder system of claim 8. wherdn the divid- 
ing network includes a first resisted having a first terminal 
coupled to the first input terminal of the dividing network 
and a second terminal coupled to the output terminal of the 
dividing netw<^ and a second resistor having a first ter- 
minal coupled to the second mpxii terminal of the dividing 
network and a second terminal coupled to die output termi- 
nal of the dividing network. 

12. The camcorder system of claim 11, wherein die 
dividing networic further conqvises a first switch, responsive 
to a dock signal having a first terminal coupled to die 
second terminal of the first resistor and having a second 
terminal coupled to the output terminal of the dividing 
network, and a second swltdi responsive, to die dock signaL 
having a first tominal coupled to the second terminal of the 
second resistor and a second terminal coupled to the output 
terminal of die dividing nctw<^ 

15. The camcosder system of claim 12, \«^ercin each of 
the first switch and the second switch arc dosed when die 
dock signal is in a first state sudi diat the dividing network 
provides the average value of die diffaential difference 
signal at die output the corrdated doublc-sanqdiog circuit 
to the output termind of the dividing network. 
14. An integrated circuit comprising: 
a first conelated double sanqiling drcuit having a first 
input and a first output the first corrdated double 
sampling circuit taking a first sample of an andog 
signd at die first input taking a second sample ai the 
analog signal at the first input and taking a difference 
between the first sample and die second sample to 
ixovide a first filtered signal at the first ou^t; 
a second correlated double sampling circuit having a 
second input coupled to the first input and a second 
ou^t the second conelated double sanqiling drcuit 
taking a third sanq>le of the analog signd at the first 
ii^Hit aod a fourth sairple of the andog signd at the 
first iiq>ut and taking a difference between the third 
sample and die fourth sample to provide a second 
filto-ed signd at the second output; 
a first gimming drcuit tiaving a first input coupled to the 
first output and a second iiq>ut coupled to a first 
reference vdue. that sums the first filtered signd and 
the first reference vdue and provides at an output a first 
summed signd; 
a second summing drcuit having a first input coupled to 
the second ou^t and a second ii^ut coiq)led to a 
second reference vdue, that sums the second filtered 
signd widi the second reference vdue and provides at 
an ompm a second summed signd; 
a first switching circuit having a first input coupled to the 
on^t of die first summing circuit a second input 
coi^iled to the output of the second summing circuit 
that dtematdy provides a differentid first sdected 
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signal as (»e of the first summed signal and the second 
summed signal to an ou^ut of the first switching 
circuit; 

a glam ping circuit disposed between the ou^ut of the first 
switcfaiflg circuit and the first input of the first coire- ^ 
lated double-sampling drcmt that clamps an average 
value of the differential first selected signal at the 
output of the switching circuit to a selected voltage 
value and that feeds the average value of die differentiai 
first selected signal back to flic first ii^mt; 

a first programmable amplifier having an input coupled to 
the output of the first switching circuit that amplifies 
the differentiai first selected signal and provides an 
amplified signal at an ouqmt of the first programmable 
amplifier; 

a second switching circuit having an input coupled to the 
output of the first programmable amplifier, that alter- 
nately provides the amplified signal as a second 
selected signal to one of a first ou^ut and a second ^ 
output of the second switdiing circuit; 

a third summing circuit having a first input coupled to the 
first ou^t of the second switching circuit and a second 
input coupled to a rcfereocc signal, that sums &e 
second selected signal with the reference signal and 25 
that provides a third summed signal at an output of the 
third summing circuit; 

a fourth summing circuit having a first input coupled to 
the second output of the second switching circuit and a 
second input coupled to the reference signal, that sums 30 
the second selected signal with ttie reference signal and 
that provides at an ou^ut of the fourth summing circuit 
a fourth summed signal; 

a first integration drcuit having an ii^t coupled to the 
ou^t of the third summing circuit, that integrates the 
third summed signal and that provides at an ou^t, 
coupled to the second input of the first summing circuit, 
a first integrated signal as the first reference value; 

a second integration circuit having an input coupled to die ^ 
output of the fourth summing circuit, that integrates the 
foiffth summed signal and that provides at an output 
coupled to the second ii^t of the second summing 
circuit, a second integrated signal as the second refer- 
ence value. 

15. The integrated drcuit (tfdaim 14, further comprising 
a second pro^'ammable an4>Ufier having an input co(q>led to 
the ou^ut of the first integration drcuit and an output 
coupled to the second iqput of the first sunmiing circuit, the 
second programmable a£Eq>lifier amplifying die first inte- 
grated signal to provide die first reference value. 

16. The integrated circuit of daim 15. further conqnising 
a third programmable anqilifier having an input coupled to 
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the output of the second intcgradon circuit and an output 
coupled to the second input of die second sununing circuit, 
the third programnoable amplifier amplifying the second 
integrated signal to provide die second reference value. 

17. The integrated circuit of daim 14. wherein the damp- 
ing circuit comprises: 
a dividing network having a first input terminal coupled to 
die ou^ut of die first switching circuit and a second 
input terminal coupled to the output of the first switch- 
ing circuit, that takes an average of the differential first 
selected signal at the output of die first switching circuit 
and that provides the average to an ou^ut terminal; and 
a differential amplifier having a first input coupled to die 
output terminal (tf die dividing network, a second input 
tcrmiaal coqiled to a bias voltage, and an output 
coupled to the first ii^wt of die first conelated double 
sampling circuit. 
1& The integrated damping circuit of daim 17, wherein 
the differential amplifier forces a signal at the ouQ>ut die 
differential amplifier to die bias voltage. 

19. The integrated cticuit of claim 17, wherein the Mas 
voltage is sdected so that a common mode of die signal at 
the output of the diffierentlal ampllfler is a desired value 
widiin a supply and operating range of the first and second 
correlated double sampling circuits. 

20. The integrated drcuit of claim 17, wherein the divid- 
ing network indudes a first resistor having a first terminal 
coupled to the first input terminal of the dividing n^ork 
and a second terminal coupled to the output tcnninal of the 
dividing network, and a second resistor having a first ter- 
minal coupled to die second iii^ terminal of the dividing 
network and a second tcnninal cou[ded to the output termi- 
nal of the dividing network. 

21. The integrated drcuit of daim 20, wherein die divid- 
ing network furdicr comprises a first switch, req>onsive to a 
clock signal, having a first terminal coupled to the second 
terminal of the first resistor and having a second terminal 
coiq)led to the outfvX terminal of die dividing network, and 
a second switch, re^nsive to the clock signal, having a first 
terminal coupled to the second terminal of the second 
resistor and a second tenniiial coupled to die output terminal 
of the dividing networic 

22. The integrated circuit of daim 21, wherein eadi of die 
first switch and die second switch are dosed when die dock 
signal is in a first state such that the dividing n^ork 
provides the average of the differential first selected signal 
at the ou^t <^ the first switching drcuit to the ou^iut 
terminal d the dividing network. 

***** 
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